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ABSTRACT

This paper presents a unique application of the household production
approach to val ui ng public goods and nonmarket conmodities. Techni cal
relationships are estinmated between health attributes, private goods that
affect health, and air quality using panel data drawn from a speci al
survey. Statistical tests show that individuals equate narginal rates of
technical substitution in household production with relevant price ratios.
This result confirms theoretical inplications in a particularly critical
context for estimating values of health attributes and air pollution.
Value estimates obtained also bear on current questions facing

envi ronnent al policymakers.



. Introduction

Indi viduals frequently apply a househol d technol ogy to combine public
and private goods in the production of nonmarket commodities for fina
consunption.  Hori (1975) denonstrates that in these situations, market
prices of private goods together with production function paraneters may
encode enough information to value both public goods used as inputs and
nonmar ket final consunption commodities.  Although this val uation
met hodol ogy is objective and market based, it seldom has been applied for
three reasons. First, underlying technical relations either are unknown or
data needed to estimate them are unavailable. Second, even if relevant
technical information is at hand, the consuner's budget surface in
comodity space nmay not be differentiable when joint production and other
conplicating factors are present. As a consequence, the commodity bundle
chosen is consistent with any nunber of narginal rates of substitution and
sought after values of public goods and nonmarket commodities remain
unknown.  Third, joint production and nonconstant returns to scale also
pose serious difficulties when taking the closely related valuation
approach of estimating the area behind demand curves for private goods
inputs and final consunption commodities (Pollak and Wachter 1975;
Bockstael and MConnel| 1983).

This paper presents a unique application of the household production
approach to valuing public goods and nonmarket conmodities which allows for
certain types of joint production and addresses key problens identified by
previous authors. Technical relationships are estinmated between health
attributes, private goods, and air quality. Data used in the analysis are
drawn from a special survey designed to inplement the household production

approach. Econonetric estimates allow for truncated dependent variables in



panel data using tobit models with individual -specific variance conponents.
Key results are: (1) attenpts to value detailed attributes of nonmarket
home produced conmodities may be ill-advised; however, estimating a conmon
value for a broadly defined category of attributes may be possible, and (2)
statistical tests show that individuals equate marginal rates of technical
substitution in household production with relevant price ratios. This
latter result confirns behavioral inplications of the theory in a
particularly critical context for estimating values of nonnarket
comodities and public goods. A'so, value estimates obtained bear on
current questions concerning air pollution control policy. The Cean Air
Act of 1970 and its subsequent anendnents focus exclusively on health to
justify regulation and requires air quality standards to protect even the
heal th of those nmpbst sensitive to pollution. The survey data are
sufficiently rich to allow separate value estimates for persons with norm
respiratory function and persons with chronic respiratory inpairments.

The renmainder of this paper is divided into four sections. Section Il
describes a sinple household production nodel in a health context and
reviews theoretical issues in obtaining value estimates. Section |I|
di scusses the survey instrunent and the data coll ected. Section IV
presents econometric estimtes of production functions for health
attributes, as well as values of better air quality and inproved health for
both the normal and respiratory inpaired subsanples. Inplications and

conclusions are drawn out in Section V

II.  PRELI M NARI ES
The model specifies utility (U as a function of market goods (Z) and

heal th attributes, called symptons, (S)



U=Uuz 9 (1)
For sinplicity, Zis treated as a single conposite good, but S denotes a
vector measuring intensity of n health synptons such as shortness of
breath, throat irritation, sinus pain, headache, or cough. Intensity of
the itB synptomis reduced using a vector (V) of madditional private goods
that do not yield direct utility, a vector of anbient air pollution
concentrations (a), and an endownent of health capital ().

st = stv, o3 @ =1 .. ..n (2)
El enents of V represent goods an individual mght purchase to reduce
intensity of particular synptons, and £ represents genetic predisposition
to experience synptons or presence of chronic health conditions that cause
synptons. Notice that equation (2) allows for joint production in that
sone or all elements of V may (but do not necessarily) enter some or al

synpt om production functions.1

The budget constraint is
| =B,z + szjvj (3)

wher e P, denotes the price of Z Pj denotes the price of Vj, and | denotes
I ncome

Aspects of this general approach to nodeling health decisions have
been used in the health economcs literature (e.g., Gossnman 1972,
Rosenzwei g and Schultz 1982, 1983), where nedical care is an exanple of V
often considered. In these three papers, however, the stock of health
rather than synptons is treated as the hone produced good, and G ossman
treats decisionmaking intertemporally in order to analyze changes in the
health stock over tinme. A multiperiod framework would permt a nore
conmpl ete description of air pollution's cunulative physiological damage
but the present nodel's focus on synptons of short duration, suggests that

a one period nodel is appropriate. Mreover, |ong termpanel data



contai ning both econom c and health information necessary to assess
cunul ative physiol ogical damage are difficult to obtain.

Simlar nodels al so have been used in environmental econonmics to
derive theoretically correct methods for estimating values of air quality
and other environnmental attributes (e.g., Courant and Porter 1981; Harford
1984; Harrington and Portney 1987). These nodels, however, only consider
the case in which m=n =1 and rule out the possibility of joint
production. In this situation, the marginal value of or willingness to pay
(WIP) for a reduction in air pollution can be derived by setting dU = 0 and
using first order conditions to obtain

WIP, = - U;S1/A = - B sl/s] (4)
where U, denotes marginal disutility of the synptom s; denotes the
margi nal effect of air pollution on synmptomintensity, si denotes the
margi nal product of V, in reducing synptomintensity, and A denotes
marginal utility of incone. As shown, marginal wllingness to pay to
reduce synptom intensity (- U,/2) equal s the marginal cost of doing so
(- B, /SD).

Extensions to situations where mand n take on arbitrary val ues have
been considered in the theory of nulti-ware production by Frisch (1965) as
well as in a public finance context by Hori (1975). Actually, Hori treats
four types of household production technology. H's case (3) involving
joint production appears to best characterize the application discussed in
Section IV because a single Vj may simultaneously reduce nore than one
synpt om In this situation, a key result is that marginal values. of
synptomintensity (- U,/2) cannot be re-expressed in terms of market prices
(Pj) and production function paraneters (s§) unl ess the nunber of private

goods is at |east as great as the nunber of synptons (m > n). Intuitively,



if m<n, the individual does not have a choice anmobng some alternative
conbi nati ons of synptomintensities because there are too few choice
vari abl es (Vj) and the budget surface on which each chosen value of gi st
lieis not differentiable.>
Anot her perspective on this result can be obtained fromthe mfirst

order equations for the Vj shown in (5)

[ 1 nl [ i [
8, - . . 8] U, /2 P,
= . (5)
sl gt U /A P
| "mn c  Pm ] | M 'Y

Each first order condition holds as an equality provided each private good
I's purchased in positive quantities. If m<n, the rank of the synptom
technol ogy matrix S = {Si} is at most m the systemof equations in (5) is
underdeternmined, intensity of one synptom cannot be varied hol ding others
constant, and the nmarginal value of an individual synptom cannot be
determined. On the other hand, if m=n and the synptom technol ogy matrix
is nonsingular, then the rank is n and unique solutions can be conputed for
t he Ui/A. If m>n and the technology matrix has full rank, then the
systemis overdetermned, and values for the Ui/A can be conputed froma
subset of the first order equations

Solving (5) conputes marginal values for the nonmarket comodities
produced by the individual. The value of the public good input, @, is the
wei ghted sum of the value of the commodities, where the weights are the

mar gi nal products of a in reducing synptomns: WTPa = - zi(Ui/A)sia. If the



mar gi nal products of a« are known or estimated, solving (5) provides the
i nformation necessary to val ue nonmarket commodities and public goods.

This theoretical overview yields several ideas useful in enpirical
application. First, if m>n and the househol d technol ogy matrix has rank
n, then values of nonmarket commodities and public goods are calculated in
a relatively straightforward manner because utility terms can be
elimnated. Second, even in cases where m > n, the househol d production
approach may fail if there is linear dependence anong the rows of the
technology matrix. Thus, statistical tests of the rank of the matrix
should be perforned to ensure differentiability of the budget surface.
Third, if m>n, first order conditions inpose constraints on val ues that
can be taken by the s?; validity of these constraints can be tested.
Fourth, the possibility that m < n suggests that the household production
approach nmay be incapable of estimating separate values for a conparatively
| arge nunber of detailed commodities and that aggregation of conmmodities
may be necessary to ensure m > n. 3

Fifth, if m>n, values of s? and Pj need not yield positive values

for ~U. /%, the marginal wllingness to pay to reduce intensity of the ith

synqptom O course, in the sinple case where m=n =1, the only
requirenent is that -Pl/si > 0. If m=n = 2, a case considered in the
empi rical work presented in Section IV, values of -U;/x and =U, /2 both will
be positive only if (Si/Sb 2 (PI/PZ) 2 (S%/S%). If V; and V, are not
chosen such that their marginal rates of technical substitution bracket
their price ratio, then it is possible to reduce intensity of one symptom
Wit hout increasing intensity of the other and w thout spending nore on

synpt om reduction.



Sixth, conplications arise in expressing symptom and air pollution
values in situations where some or all of the v, are sources of di rect
utility, a formof joint production. This problemis inportant (and it is
encountered in the enpirical work presented in Section |V) because of the
difficulty in identifying private goods that are purchased but do not enter
the utility function. To illustrate, assume that m= 2, n = 1 and that v,
but not V, is a source of both direct positive utility and synptomrelief.
WTP, still would equal —(Plsi/si) and therefore could be cal cul ated w thout
knowi ng values for marginal utility terms. If consunption of Vo5 however ,
was used as a basis for this calculation, the sinple fornula.-(sti/s%)
woul d overestimte WIP by an anmount equal to -(Uzsi/lsé) wher e U, denot es
merginal utility of v, (u, > 0). Vhen mand n take arbitrary values, the
situation is nore conplex, but in general nonmarket commodity and public
good val ues can be determned only if the nunmber of private goods which do
not enter the utility function is at |east as great as the number of fina
commodities. Even if this condition is not met, however, it is possible in
sone cases to deternmine whether the value of nonmarket conmodities and

publ i c goods is over- or underestimated.”

[11. DATA

Data used to inplement the household production approach were obtained
froma sanple of 226 residents of two Los Angeles area commnities. Each
respondent previously had participated in a study of chronic obstructive
respiratory disease (Detels et al. 1979, 1981). Key aspects of this sanple
are: (1) persons with physician diagnosed chronic respiratory ailnments
deliberately are overrepresented (76 respondents suffered from such

di seases), (2) 50 additional respondents with self-reported chronic



cough or chronic shortness of breath are included, (3) 151 respondents
lived in Gendora, a conmunity wth high oxidant air pollution, and 75
respondents lived in Burbank, a community with oxidant pollution |evels
more |ike other urbanized areas in the US but with high levels of carbon
nmonoxi de, (4) all respondents either were nonsmokers or forner smokers who
had not smoked in at |east two years, and (5) all respondents were
househol d heads with full-time jobs (defined as at least 1,600 hours of
work annual ly).

Professionally trained interviewers contacted respondents severa
times over a 17 nonth period beginning in July 1985.  The first contact
i nvol ved adm ni stration of an extensive baseline questionnaire in the
respondent's home.  Subsequent interviews were conducted by telephone.5
I ncluding the baseline interview, the nunber of contacts with each
respondent varied fromthree to six with an average nunber of contacts per
respondent of just over five. O the 1147 total contacts (= 226 x 5), 644
were with respiratory inpaired subjects (i.e., those either wth
physi ci an- di agnosed or self-reported chronic respiratory ailnments) and 503
were with respondents having normal respiratory function

Initial baseline interviews measured four groups of variables: (1)
long term health status, (2) recently experienced health synptons, (3) use
of private goods and activities that mght reduce synptom intensity, and
(4) socioecononi ¢/ demographic and work environment characteristics.
Tel ephone fol lowup interviews inquired further about health synptons and
use of particular private goods. Long termhealth status was nmeasured in
two ways. First, respondents indicated whether a physician ever had
di agnosed asthnma (ASTHWA), chronic bronchitis (BRONCH), or other chronic

respiratory disease such as enphysema, tuberculosis, or lung cancer



(OTHDIS).  Second, they stated whether they experience chronic shortness of
breath or wheezing (SHRTWHZ) and/or regularly cough up phlegm sputum or
mucous (FLEMCO). Respondents al so indicated whether they suffer from hay
fever (HAYFEV); however, this condition was not treated as indicative of a
chronic respiratory inpairment.

Bot h background and fol | owup instruments al so asked which, if any, of
26 health synptonms were experienced in the two days prior to the interview.
Synptons initially were aggregated into two categories defined as: (1)
chest and throat synptons and (2) all other synptons.6 Aggregation to two
categories reduces the number of househol d produced final goods (n)
consi dered; however, assigning particular synptonms to these categories
admttedly is somewhat arbitrary. Yet, the classification schene selected
permts focus on a group of synptoms in which there is current policy
interest. Chest and throat synptons identified have been |inked to anbient
ozone exposure (see Gerking et al. 1984, for a survey of the evidence) and
federal standards for this air pollutant currently are under review
Moreover, multivariate tobit turns out to be a natural estimation nethod
and aggregating synptons into two categories permts a reduction in
conputation burden. Dickie et al. (1987(a)) report that respondents with
chronic respiratory inmpairnents experienced each of the 26 individua
symptons nore often than respondents with normal respiratory function.
This outconme is reflected in Table 1 which tabul ates frequency
distributions of the total nunber of chest and throat and other synptons
reported by respondents in the two subsanples.7

In the empirical work reported in Section IV, data on the nunmber of
synptonms reported are assuned to be built up from unobserved | atent

variabl es nmeasuring synptomintensity. As intensity of a particular



synpt om such as cough rises above a threshold, the individual reports
havi ng experienced it; otherwi se he does not. Thus, the frequency
distribution tabulated in Table 1 nerely reflects the nunber of synptons
that crossed the intensity threshold in the two days prior to the

I nterview

Private goods which indicated steps taken in the past that m ght
reduce synptonms over a period of years, neasured whether the respondent has
and uses: (1) central air conditioning in the home (ACCEN), (2) an air
purifying systemin the home, (3) air conditioning in the autonobile
(ACCAR), and (4) a fuel other than natural gas for cooking (hKHCASCK).B
These variabl es represent goods that may provide direct sources of utility
to respondents. Air conditioners, for exanmple, not only may provide relief
from mnor health synptons; but also provide cooling services that yield
direct satisfaction. This problemis discussed further in Section V.

Soci oeconom ¢/ denmogr aphi ¢ variabl es neasured whether the respondent
lived in Burbank or dendora (BURB) as well as years of age (AGE), gender
race (white or nonwhite), marital status, and household inconme. Also,
respondents were asked whether they were exposed to toxic funmes or dust
while at work (EXPWORK).

Finally, each contact with a respondent was matched to nmeasures of
ambient air pollution concentrations, humdity, and tenperature for that
day. Air nonitoring stations used are those nearest to residences of
respondents in each of the two communities. Measures were obtained of the
six criteria pollutants for which national ambient air quality standards
have been established: carbon nonoxide (CO, nitrogen dioxide (NXQ), ozone
(@), sulfur dioxide (SQ2), Ilead and total suspended particul ates.

Readi ngs for lead and particul ates, however, only were available for about

10
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ten percent of the days during the study period, forcing exclusion of those
pol lutants from enpirical work. Each of the remmining four pollutants were
measured as maxi mum dai |y one-hour anbient concentrations. Mxim are used
because epi dem ol ogi cal and nedi cal evidence suggests that acute synptomns
may be nore closely related to peak than to average pollution
concentrations. The air pollution variables entered then, are averages of
one hour maxima on the two days prior to the interview so as to conform
with the measurement of synpt0n5.9 Tenmperature and relative humdity data

simlarly were averaged across two day periods

V.  ESTI MATES OF HOUSEHOLD SYMPTOM TECHNOLOGY

This section reports estimates of production functions for chest and
throat and other synptons. Enpirical estinmates of househol d production
technology in a health context also have been obtained by Rosenzwei g and
Schultz (1983); however, these investigators consider determnants of birth
wei ght rather than health synptoms and do not focus on val uing nonnarket

0

comodi ties and public goods.l The synpt om production functions reported

bel ow are estimated in a bivariate tobit framework with vari ance

11 Bivariate tobit estimation was performed because of the

conponents.
probabl e correlation between disturbances across equations. Gven that
synptons often appear in clusters, individuals reporting synptons in one
category may also report themin the other. Aso, as noted in the
di scussion of Table 1, the nodal nunmber of synptons reported was zero.

Random di st urbances follow an error conponents pattern, consisting of
the sum of a permanent and a transitory conponent.

®iht T Mg ht

where i denotes type of synptom (chest and throat, other), h denotes

+ v, i=R, N (6)



respondent, and t denotes tinme. The transitory error conponent, Vit
captures unnmeasured effects that vary over individuals, synptons, or tine.
The pernanent error conponent My s in contrast, varies only over
individuals; for a given individual it is constant over time and common to
production functions for both types of synptons. The permanent error
conponent serves two purposes in the nodel. First, it captures persistent
unmeasured but individual specific factors that influence synptons,

i ncludi ng unneasured elenents of @ and/or the threshold at which synptons
are reported. Hence, u, exerts an i ndependent influence by allow ng
individuals with identical neasured characteristics to have different
nunbers of synptons. Second, a given individual's permanent error
conponent captures contenporaneous correlation between the two synptom
cl asses.

The u, are assuned to be independent draw ngs fromidentical
distributions. Mundl ak (1978) and others have argued that the w, are
likely to be correlated with values of the explanatory variables, and the
error conponents. For exanple, if an individual knows his own Uy s t hen
utility nmaximzation would inply that his choice of private goods depends
on M. A possible solution would be to replace the random effects with
fixed effects in which the uy are assuned to be constants that vary across
i ndividuals. Mndlak notes, however, that the fixed effects nodel suffers
froma serious defect if By is correlated with some or all covariates: It
is inpossible to distinguish between the effects of tinme invariant
covariates and the fixed effects. This defect of the fixed effects npode
is troublesone, because all covariates except the air pollution neasures
are tine invariant. Since the valuation procedure of Section 2 requires

di stingui shing marginal products of private goods from the individual's



predisposition to illness, the fixed effects nodel was rejected in favor of

random effects

Both transitory and permanent error conponents are assumed nornally
distributed with E(u) = 0, EGD) = o

I8
_ 2 _ 2 _ . .
E(Uiht) =0, E(Uiht) = 0, and E(Uihtui’h’t’) =0 for i #4i" or h # h” or

> and EQuur) = 0 for h # h%;

t # t”. The permanent error conponent is distributed independently of the
transitory error conponent, so the distribution of the sumed error
: - _ 2 _ 2 2
conponents is normal with E(eiht) = 0, E(eiht) = ou + 0, and
2
E -
(eihe®ine-) = Oy = E(Cpp Eyxpe) -
G ven By and the distributional assunptions about the error

conponents, the likelihood for the nth i ndividual is the product of

i ndependent tobit |ikelihoods: one tobit for each synmptom class in each

time period. The conditional likelihood for the nth i ndividual is
L) = 7 £l 7 Fop [w w EOg (W 7 Foog ()
Spe”0 Sge=0 Syt 0 Sne~0

where £(+) is the normal density and F(-) is the nornal distribution
Condi tioning was removed by integrating over u. |In order to address the
probl em of an unequal nunber of interviews per respondent, |og-Iikelihood

values first were conputed for each respondent, and then sumred to obtain

totals.12

Tables 2 and 3 present illustrative synptom production function
estimates for the inpaired and normal subsanples. Equations presented are
representative of a sonmewhat broader range of alternative specifications
that are available from the authors on request. Alternative specifications
included attenpts to correct for simultaneity between synptons and private
goods. Bartik (1988) calls attention to this problemin a related context

and Rosenzweig and Schultz treat it in their previously cited birthweight
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study. Procedures devised for the present study are anal ogous to two-stage
| east squares. In the first stage, reduced form probit demand equations
for each of four private goods (ACHOVE, ACCAR, APHOVE, NOTGASCK)13 wer e
estimated. In the second stage, predicted probabilities from the reduced
formprobits were to be used as instrunments for private goods in the tobit
synmpt om production function nodels. However, explanatory power of the
reduced form probit equations was very poor. In half of the equations for
each subsanple the null hypothesis that all slope coefficients jointly are
zero could not be rejected at the 5 percent level and in all equations key
vari abl es such as househol d i ncone had insignificant and often wongly
signed coefficients. Another problemis the absence of private good price
data specific to each respondent. The original survey materials requested
these data but after pretesting, this series of questions was dropped
because many respondents often made purchases jointly with a house or car
and were unable to provide even an approxi mate answer. As a consequence,
si mul taneous equation estimation was not pursued further with the likely
outcome that estimates of willingness to pay for nonmarket commdities and
public goods may have a downward bias.14
In any case, one result of interest fromthe bivariate tobit estinates
in Tables 2 and 3 is the outcone of testing the null hypothesis that
estimated synptom production parameters jointly are zero. In the four
equations reported, a likelihood ratio test rejects this hypothesis at
significance levels less than 1 percent. Al so, estimates of the individua
specific error conponents, denoted O, have |arge asynptotic t-statistics

which confirns persistence of unobserved personal characteristics that

affect synptons.



Table 2 shows that chronic health ail nents and hay fever are
positively related to synptom occurrence anmong nmenbers of the inpaired
group. Coefficients of ASTHVA, BRONCH, SHRTWHZ, and HAYFEV are positive in
equations for both chest and throat and other synptons and have associ at ed
asymptotic t-statistics that range from 2.1 to 7.6. The coefficient of
FLEMCO is positive and significantly different from zero at conventional
levels in the chest and throat equation, but its asynptotic t-statistic is
less than unity in the equation for other synptons. The coefficient of AGE
was not significantly different from zero in either equation and the
EXPWORK vari abl e was excl uded because of convergence problems with the
bivariate tobit algorithm 15 Vari abl es neasuring gender, race, and narital
status never were included in the anal ysis because 92 percent of the
i npai red respondents were male, 100 percent were white, and 90 percent were
marri ed. Resi dents of Burbank experience chest and throat synptons with
| ess frequency than do residents of dendora. O course, many possible
factors could explain this outcome; however, Burbank has had a | ess severe
| ong term anbi ent ozone pollution problemthan Gendora. For exanple, in
1986 average one day hourly maxi mum ozone readings in Burbank and d endora
were 8.7 pphmand 10.2 pphm respectively.

Wth respect to private and public inputs to the synptom production
functions, the coefficient of ACCAR is negative and significantly different
fromzero at the 10 percent level using a one tail test in the other
symptons equation, while the coefficient of ACCEN is negative and
significantly different fromzero at the 5 percent level using a one tail
test in both equations. Results from estimted equations not presented
reveal that NOTGASCK and use of air purification at honme never are

significant determ nants of synptons in the inpaired subsanple. Also, G3,
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CO and NO2 exert insignificant influences on occurrence of both types of
symptons.  When four air pollution variables were entered, collinearity
bet ween t hem appeared to prevent the maxi mum |ikelihood al gorithm from
conver gi ng. Consequently, SO2 was arbitrarily excluded from the
specification presented and the three air pollution nmeasures included as
covariates should be interpreted as broader indices of ambient pollutant
concentrations. Variables neasuring tenperature and humidity were excluded
fromthe Table 2 specification, but in equations not reported their
coefficients never were significantly different from zero

Table 3 presents corresponding synptom production estimtes for the
subsanple with normal respiratory function. HAYFEV is the only health
status variable entered because ASTHVA, BRONCH, SHRTWZ, and FLEMCO were
used to define the inpaired subsanple. Coefficients of HAYFEV are positive
in equations for both chest and throat and other synptons and have
t-statistics of 1.61 and 1.87, respectively. Coefficients of BURB are
negative; but in contrast to inpaired subsanple results, they are not
significantly different fromzero at conventional levels. AGE and EXPWORK
enter positively and their coefficients differ significantly from zero at
2% percent in the other synptons equation. Ampng private goods entering
the production functions, coefficients of APHOVE and ACHOME never were
significantly different from zero at conventional |evels, and these
vari abl es are excluded fromthe specification in Table 3. Use of air
conditioning in an autonobile reduced chest and throat synptom occurrences
and cooking with a fuel other than natural gas (marginally) reduces other
synptons.  Variabl es neasuring gender, race, and marital status again were
not considered as the normal subsanple was 94 percent nale, 99 percent

white, and 88 percent married. In the normal subsanple, collinearity and



al gorithm convergence problens again linmted the nunber of air pollution
vari abl es that could be entered in the same equation. As shown in Table 3
when G383, CO, and N2, coefficients had associated t-statistics of 1.16 or
smal | er. Tenperature and hunmidity variables are excluded from the
specification shown in Table 3. In alternative specifications not
reported, coefficients of these variables never were significantly
different fromzero in alternative equations not reported

Three pieces of information are required to use the estimates in
Tables 2 and 3 in the calculation of values for nonmarket commodities (the
two types of synptons) and public goods (air pollutants): (1) narginal
effects of air pollutants on symptoms, (2) marginal effects of private
goods on synptoms, and (3) prices of private goods. Marginal products were
defined as the effect of a snall change in a good on the expected nunber of
synpt ons. Conput ational fornulae were devel oped extending results for the
tobit nmodel (see McDonald and Mffit 1980) to the present context which
allows for variance conponents error structure. However, because private
goods are neasured as dumy variabl es and, therefore, cannot be
continuously varied, increnental, rather than marginal, products are used

The final elenents needed to conpute value estimates are the prices of
private goods. Dealers of these goods in the Burbank and { endora areas
were contacted for estimates of initial investnent required to purchase the
goods, average length of life, scrap value (if any), and fuel expense.
After deducting the present scrap value fromthe initial investment, the
net initial investnment was anortized over the expected length of years of
life. Addi ng annual fuel expense yields an estimate (or range of
esti mates) of annual user cost of the private good. The annual costs then

16

were converted to two-day costs to match the survey data. The dependent

17
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variables used in the estimted equations do not distinguish between one-
and two-day occurrences of synptons, but approximately one-half of the
occurrences were reported as two day occurrences. As a consequence, the
val ue estinmates obtained were divided by 1.5 to convert to daily val ues.

Two tests were performed prior to estimating values of synptomand air
pol lution reduction. First, calculations were nade for both nornal and
i mpaired subsanples to ensure that relevant ratios of increnental products
of private goods in reducing synptoms bracketed the corresponding price
ratio. Recal | from the discussion in Section 2 that this condition
guarantees that value estinmates for reducing both types of synptons are
positive. A problemin making this calculation is that estinates of
increnental rates of technical substitution vary across individuals
(incremental products are functions of individual characteristics), but no
respondent specific price information is available. As just indicated,
dealers in G endora provided the basis for a plausible range of prices to
be constructed for each good. |If mdpoints of relevant price ranges are
used together with increnental rates of technical substitution taken from
Tables 2 and 3, the bracketing condition is met for all 100 respondents in
the normal subsanple and 117 of 126 respondents in the inpaired subsanple.
O course, alternative price ratios selected fromthis range neet the
bracketing condition for different numbers of respondents.

Second, possible singularity of the synptomtechnol ogy matrix was
anal yzed using a Wald test (see Judge et al. 1985, p. 215 for details).17
In the context of estimates in Tables 2 and 3, the distribution of the test
statistic (A) is difficult to eval uate because rel evant derivatives are
functions of covariate values and specific to individual respondents.

However, if derivatives are evaluated in terms of the underlying |atent
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vari abl e nodel, they can be expressed in terns of only paraneters and A is

distributed as X2

with 1 degree of freedom  Adopting this sinpler
approach, p-values for the Wald test statistic are large: p = .742 for the
i npai red subsanple equations and p = .610 for the normal subsanple
equations.18 As a consequence, the null hypothesis of singularity of the
synptom technology matrix is not rejected at conventional l|evels. This
result suggests that in both subsanples, there does not appear to be an
i ndependent technol ogy for reducing the two types of synptons, budget
constraints are nondifferentiable, and separate value estimtes for
chest and throat and other synmptons should not be cal cul ated

A common val ue for reducing chest and throat and other synptons stil
can be obtained by aggregating the two categories and re-estimating
production functions in a univariate tobit franmework. Table 4 shows
results based on using the same covariates as those reported in Tables 2
and 3 and retaining the variance conponents error structure. The Table 4
equations al so make use of a constraint requiring that if m>n = 1, values
of marginal willingness to pay to avoid a synptom nmust be identical no
matter which private good is used as the basis for the calculation. In the
case where m= 2 and n = 1, as discussed in Section Il, this single value
is —Ul/A = —(Pllsi) = —(Pz/sé). In the inpaired subsanple, the restriction
can be tested under the null hypothesis, H0 : BACCAR _

(® are coefficients of ACCAR and ACHOVE

ACCAR/PACHOME)BACHOME’ where the Bi
in the latent model and the P; are midpoints from the estimated range of
two day prices for the private goods. In correspondi ng notation, the nul
hypothesis to test in the normal subsanple is, H

(

0 BACCAR =

P .
ACCAR/PNOTGASCK)BNOTGASCK' Bot h hypot heses are tested against the
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alternative that coefficients of private goods are unconstrained
paraneters.

P-values for the paraneter restrictions are conparatively large; P =
.623 in the inpaired subsanmple and P = .562 in the normal subsanple. Thus,
the above null hypotheses are not rejected at conventional significance
| evel s. Respondents appear to equate marginal rates of technical
substitution in production with relevant price ratios; a result that
supports a critical inplication of the previously presented household
production nodel. Mreover, coefficients of private good variables defined
under the null hypotheses for the two subsanples have t-statistics
exceeding two in absolute value. Performance of remaining variables is
roughly conparable to the bivariate tobit estimates. A notable exception,
however, is that in the normal subsanple univariate tobit estimates,
coefficients of O3 and NO2 are positive with t-statistics exceeding 1.6
Thi s outcome suggests that persons with normal respiratory function tend to
experience nore synptonms when air pollution levels are high, whereas those
with inpaired respiratory function experience synptons with such regularity
that there is no clear relationship to fluctuations in air quality.
Intensity of particular synmptons may be greater in both subsanples when
pollution levels are high, but this aspect is not directly measured.

Table 5 presents estimates of marginal willingness to pay to avoid
synptonms to reduce two air pollutants. Unconditional values of relieving
symptons and reducing air pollution are calculated for each respondent from
observed univariate tobit nmodels. Table 5 reports the nean, nedian, and
range of respondents’ marginal wllingness to pay to elimnate one health
symptom for one day as well as mean marginal willingness to pay to reduce

air pollutants by one unit for one day for the normal subsanple. Synptom



reduction values range from $0.81 to $1.90 in the inpaired subsanple and
from$0.49 to $1.22 in the normal subsanple with neans of $1.12 and $0.73
in the two subsanpl es, respectively.19 Al so, values of willingness to pay
to reduce one hour daily maxi numlevels of 3 and NO2 by one part per
mllion are $0.31 and $0.91 in the normal subsanmple.  Correspondi ng

cal cul ations are not reported for the inpaired subsanple because, as shown
in Table 4, coefficients of air pollution variables are not significant at

conventional |evels.

V. CONCLUSI ON

WIllingness to pay values of synptom reduction and air quality
i nprovenent just presented should be viewed as illustrative approxi mations
for two reasons. First, private goods used in conputing the estimtes are
likely to be direct sources of utility. Second, synptom experience and
private good purchase decisions are likely to be jointly determ ned.
Neverthel ess, these estimates still are of interest because aspects of
joint production are taken into account. A key finding is that independent
technol ogies for hone producing synptons are difficult to identify, thus
greatly limting the nunber of individual symptonms for which values can be
conput ed. In fact, the 26 synptons anal yzed here had to be aggregated into
a single group before willingness to pay val ues coul d be conputed.

This outcome appears to have inplications for estimating wllingness
to pay for nonmarket commodities in other contexts. An obvious exanple
concerns previous estimates of willingness to pay to avoid health synptons.
Berger et al. (1987) report one day wllingness to pay values for
elimnating each of seven minor health synmptons, such as stuffed up

sinuses, cough, headache and heavy drowsiness that range from $27 per day

21
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to $142 per day. Geen et al. (1978) present estimates of willingness to
pay to avoid sinilarly defined synmptons ranging from $26 per day to $79 per
day. In both studies, however, willingness to pay estimtes were obtained
synptom by symptomin a contingent valuation framework that ignores whether
i ndependent technol ogies are available to produce each. Thus, respondents
sinmply may have lunped total wllingness to pay for broader health concerns
onto particul ar synptomns. Some respondents may al so have inadvertently
stated their willingness to pay to avoid synptons for periods |onger than
one day.

Anot her exanple relates to energing research aimed at splitting
willingness to pay to reduce air pollution into health, visibility, and
possi bly other conponents. From a policy standpoint, this line of inquiry
is inportant because the Clean Air Act and its subsequent anendnents focus
exclusively on health and give little weight to other reasons why people
may want |ower air pollution levels. Analyzing location choice within
metropolitan areas, for exanple, may not provide enough information to
deconpose total willingness to pay into desired components. I nst ead,
survey procedures nmust be designed in which respondents are either reninded
of independent technol ogies that can be used to home produce air pollution
rel ated goods or else confronted with believable hypothetical situations

that allow one good to vary while others are held constant.
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ENDNOTES

Anot her, possibly troubl esome, aspect of joint production occurs if
some or all elenments of V are argunments in the utility function. This
conplication is discussed nonentarily.

Hori identifies three sources of nondifferentiability of the budget
surface under joint production. The first occurs if the nunber of
private goods is |less than the nunber of commodities. The second
ari ses because of nonnegativity restrictions on the private goods.
This is not treated directly in the present paper, but if each private
good is purchased in positive quantities, the chosen commdity bundle
will not lie at the second type of kink. Hori's third cause of
nondi fferentiability inplies Ilinear dependence anmong the rows of the
technol ogy matrix.

Notice that this point on aggregation may apply to other valuation
net hods as wel . Usi ng contingent valuation surveys, for exanple,
Geen et al. (1978) and Berger et al. (1987) obtained value estimtes
of several specific synptons; however, issues relating to existence of
i ndependent synptom technol ogi es never was faced. Future contingent
val uation surveys may do well to consider this point prior to
eliciting estimates of willingness to pay.

For exanple, suppose m= n = 2 and both private goods are direct
sources of wutility. If equation (6) is used to solve for the Ui/A,
t hen: (1) if the two narginal rates of technical substitution (MRTS)

do not bracket the price ratio, then the value of the commdity whose
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MRTS is closer in magnitude to the price ratio will be overestimted,
while the value of the other comodity will be underestimated; (2) if
the two MRTS val ues do bracket the price ratio, then the val ue of
either one or both of the commdities will be overestinmated; and (3)
in no case will the value of both conmodities be underestimated.

Bot h questionnaires are presented and extensively discussed in Vol ume
Il of Dickie et al. (1987(h)).

Chest and throat symptoms include (1) cough, (2) throat irritation,
(3) husky voice, (4) phlegm sputum or nucous, (5) chest tightness,
(6) could not take a deep breath, (7) pain on deep respiration, (8)
out of breath easily, (9) breathing sounds wheezing or whistling
Qther synptons are (1) eye irritation, (2) could not see as well as
usual, (3) eyes sensitive to bright light, (4) ringing in ears (5)
pain in ears, (6) sinus pain, (7) nosebleed, (8) dry and painful nose,
(9) runny nose, (10) fast heartbeat at rest, (11) tired easily, (12)
faintness or dizziness, (13) felt spaced out or disoriented, (14)
headache, (15) chills or fever, (16) nausea, and (17) swollen gl ands.
An alternative to counting the nunber of different synptons
experienced in the two days prior to the interview would be to
consider the nunber of synptonidays experienced. Both approaches were
used to construct enpirical estimtes; however, to save space, only
those based on counts of different synptons are reported. Bot h
approaches yield virtually identical value estimates for synptom and
air pollution reduction.

The first three private goods reduce exposure to air pollution by
purifying and conditioning the air. The fourth reduces exposure

because gas stoves emt nitrogen dioxide.
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The equations also were estimated after defining the pollution
vari abl es as the | argest of the one hour naxinma on the two days;
simlar results were obtained

Rosenzweig and Schultz also initially specify their production
functions in translog form and then test whether restrictions to CES
and Cobb-Dougl as forms are justified. This type of analysis is not
pursued here as nost of the covariates used are 0-1 dummy vari abl es.
Squaring these variables does not alter their values. I nteraction
variables of course, still could be conputed

Al though there is a linear relationship between the |atent dependent
vari abl es and the private goods in the tobit model, the relationship
between the observed dependent variables and the private goods has the
usual properties of a production function. The expected nunber of
synmptons i s decreasing and convex (nonstrictly) in the private goods.
The tobit coefficients and variances of the nodel are estimated by
mexi m zing the likelihood function using the nmethod of Berndt, Hall
Hall, and Hausman (1974). The score vectors are specified
analytically and the information matrix is approxi mated nunerically
usi ng the summed outer products of the score vectors. Starting values
for the coefficients and the standard deviations of the transitory
error conmponents were obtained fromtwo independent tobit regressions
With no permanent error conponent. In prelimnary runs a starting
value of unity was used for the standard deviation of the permanent
error conmponent, but the starting value was adjusted to 1.5 after the

initial estinate was consistently greater than one.
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18.

Covariates in the reduced formregressions are:  ASTHWA, BRONCH,
FLEMCO, SHRTWZ, HAYFEV, BURB, ACGE, EXPWORK, years of education, nunmber
of dependents, household inconme, and an occupation dummy variabl e
measuring whether respondent is a blue collar worker.

An alternative to the two-stage procedure was suggested by Chamberlain
(1980) for random effects probit models. Chanberlain's approach uses
information fromtenporal variation in choice variables to distinguish
between production function paraneters and the paranmeters of an
assuned linear correlation between choice variables and the pernanent
error conponent. The approach is not well-suited to the present study
because of the lack of tenporal variation in the private goods.

In the inpaired subsanple, inclusion of EXPWORK frequently caused the
bivariate tobit algorithmto fail to converge. This problem arose in
the specification presented in Table 2; consequently the EXPWORK
variable was excluded.

The estimted two-day prices are: $2.34 for ACCEN, $1.00 for ACCAR,
$0.80 for NOTGASCK. The discount rate was assuned to be 5 percent.
For further details of the procedure used to estimate prices, see
Dickie et al. (1987(a)).

The Wald test was chosen because its test statistic can be conputed
using only the unconstrained estimates. Since the |ikelihood and
constraint functions both are nonlinear, reestimating the nodel wth
the constraint inposed would be considerably nore difficult than
conputing the Wald test statistic.

In other estimtes of synptom production functions not reported here,
correspondi ng p-values also are large, alnost always exceeding .25 and

sonetimes the .80-.90 range
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For conparison purposes, mean values also were estimted at subsanple
means of all explanatory variables. Results differ little with means
conputed over respondents. Evaluated at subsanple means, willingness
to pay to elinminate one synptom for one day is $1.05 in the inpaired

subsanpl e and $0.70 in the normal subsanple
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TABLE 1

FREQUENCY DI STRI BUTI ONS CF SYMPTOMS BY SUBSAMPLE

NUMBER OF CHEST AND

THROAT SYMPTOMS NUMBER OF OTHER
EXPERI ENCED I N PAST SYMPTOVS EXPERI ENCED
TWO DAYS | N PAST TWO DAYS

| npai red Nor nal | npai red Nor mal

0 351 408 257 338
1 84 41 123 79
2 64 18 85 42
3 48 15 73 18
4 37 9 45 12
5 26 4 28 5
6 16 6 14 6
7 8 2 9 2
8 8 0 4 1
9 2 0 2 0
10 0 0 1 0
11 0 0 1 0
12 0 0 2 1
13 0 0 0 0
14 0 0 0 0
15 0 0 0 0
16 0 0 0 0
17 0 0 0 0
Sanpl e Mean 1.348 0.453 1.668 0. 692




TABLE 2

Bl VARI ATE TOBI T SYMPTOM PRODUCTI ON FUNCTI ON ESTI MATES:
| MPAI RED SUBSAMPLE®

Chest and Throat Other
Symptoms Symptoms
CONSTANT -3.085 -2.043
(-3.035) (-2.125)
ASTHMA 0.8425 0.6724
(2.328) (1.851)
BRONCH 3.774 2.936
(7.663) (6.668)
SHRTWHZ 1. 494 1.235
(3.683) (3:428)
FLEMCO (4:038) 0.2526
HAYFEV 1.110 (0.8558)
o0 S5
BURB -1.431 -0.7330
AGE (-2.728) (-1.539)
0.2986 2.042
(0.1596) (1:177)
EXPWORK _b _ b
ACCAR -0.3485 -0.4395
ACCEN (-0.8885) (-1.364)
-1.9961 -0.6291
(-2.834) (-1.829)
03 -0.1672 0.1252
(-0.5638) (-.4475)
Co (-0.5638) -0.06285
(1.259) (-0.06356)
NO2 0.5475 0.6384
(0.7744) (0.9282)
O'V 2.617 2.454
(17.70) (20.81)
Uﬁ 1.827
(21.17)
Chi --Squarec 148.7
P-Value for
Wald Test 0.742
Numher nf d
Iterations 21

3t-statistics are in parentheses.

bDenctes omitted dummy variable. Also, long term health status covariates entering these
equations do not represent mutually exclusive categories.

°The chi-square test statistic is -2’|n>\, where A is the likelihood ratio, for a test of the
null hypothesis that the slope coefficients in both production functions are all zero.

dThe convergence criterion is 0.5 for the gradient-weighted inverse Hessian.



TABLE 3

Bl VARI ATE TOBI T SYMPTOM PRODUCTI ON' FUNCTI ON ESTI MATES:
NORMAL SUBSAMPLEZ

Chest and Throat Other
Symptoms Symptoms
CONSTANT -5.789 -5.479
(-2.157) (-2.790)
HAYFEV 2.316 1.461
(1.614) (1.871)
BURB -1.388 -0.6248
(-1.180) (-0.8470)
AGE 4.143 7.075
%0.7873) (2.091)
EXPWORK .8707 1.329
(1.157) (2:297)
ACCAR -1.949 -0.6705
(-2.905) (-1.057)
NOTGASCK -0.4613 -0.8565
(-0.6312) (-1.594)
03 0.2757 0.3592
(0.5867) (0.9674)
co 0.1788 -0.07200
(0.07729) (-0.05241)
NO2 1.841 1.069
(1.162) (1.127)
Oy 3.204 2.435
(10.15) (11.31)
O, 1.828
u b (10.44)
Chi-Square 69.81
P-Value for
Wald Test 0.610
Number of
Iterations® 20

3t-statistics in parentheses.

bThe chi-square test statistic is =21nA, where A is the likelihood ratio, for a test of the
null hypothesis that the slope coefficients in both production functions are all zero.

®The convergence criterion is 0.5 for the gradient-weighted inverse Hessian.



TABLE 4

UNI VARI ATE TOBI T SYMPTOM PRODUCTI ON FUNCTI ON ESTIMATES?

Impaired Normal
Subsample Subsample
CONSTANT -2.253 -6.085
(-1.263) (-2.329)
ASTHMA 1.0333
(1.953)
BRONCH 4.649
(7.708)
SHRTWHZ 1.909
(3.242)
FLEMCO 1.769
(3.607)
HAYFEV 1.574 2.216
(3.137) (2.378)
BURB -1.830 -1.623
(-2.927) (-1.126)
AGE 1.200 6.351
(0.4024) (1.165)
EXPWORK _ b 1.725
(2.039)
ACCAR -0.5900 -1.260
(-2.585) (-2.425)
03 0.1629 0.5941
(0.4846) (1.616)
co (é.gé3 | 0.3722
. 41
NO2 0.8930 (02755
(1.130) (1.784)
Oy 3.884 3.790
(37.29) (22.47)
(')'.IJ 2.582 2.516
(15.84) (8.822)
Chi-Sauare® 77.88 36.45
P-Value for
Parameter Restrictions 0.623 0.562
Numhar nf
Iterations 8 5

3¢-statistics in parentheses.

bDenotes omitted dummy variable. Also, long term health status covariates entering these
equations do not represent mutually exclusive categories.

®The chi-square test statistic is =21nA, where A is the likelihood ratio, for a test of the
null hypothesis that the slope coefficients in both production functions are all zero.

dThe convergence criterion is 0.5 for the gradient-weighted inverse Hessian.



TABLE 5

MARG NAL W LLI NGNESS TO PAY TO RELI EVE SYMPTOVE AND AVO D Al R POLLUTI ON

| MPAI RED SUBSAMPLE

Synpt ons a3 NO2 co
Mean $1.12 ---4 ---48 ---a
Medi an $1. 09
Maxi mum $1. 90
M ni mum $0. 81

NORVAL  SUBSAMPLE

Synpt ons a3 NC2 00

Mean $0.73 $0.31P $0.91° ---2a
Medi an $0. 70
Maxi mum $1. 22
M ni mum $0. 49

®penotes coefficient not significantly different fromzero at 10 percent
l evel using one tail test in estimted equations presented in Table 4.

bEstimates of willingness to pay for reduced air pollution do not vary
across sanple menbers. In the conputational ratio, respondent specific
information appears both in the nunerator and denominator and therefore

cancel s out.



